ABSTRACT
Introduction
In many industries in the United States, a large part of the workforce is represented by a nationally organized union. At the time of contract renegotiation, many unions engage in a process which is referred to as pattern bargaining. Annual surveys over the past decade indicate that approximately 25 percent of all manufacturing and nonmanufacturing employers in the country who participated in collective bargaining agreements intended to bargain a pattern contract within the next year. 1 These surveys include a broad range of industries and …rms. In automobile assembly, steel, petroleum, and several other major industries, pattern bargaining has determined compensation for unionized workers for the past several decades.
Three features characterize pattern bargaining. First, the union negotiates with …rms sequentially. Second, the union chooses the order with which it negotiates with …rms. Third, the agreement reached with the …rst …rm in the sequence (this …rm is often referred to as the target) sets the pattern for all subsequent negotiations. In the strictest interpretation of pattern bargaining, the agreement with the target exactly de…nes the take-it-or-leave-it o¤er that the union makes to all …rms with which it subsequently negotiates.
In recent years, pattern bargaining has loosened. 2 Negotiations are still sequential, but unions have not used the agreement with the target …rm as a take-it-or-leave-it o¤er to subsequent …rms. Rather, unions have become increasingly attentive to the fact that equalization of wages among …rms may not be in their best interest when there is substantial inter…rm heterogeneity in production technology and/or age of the workforce. See Bureau of National A¤airs (1996, p. 3). 2 Voos (1994, p. 6) notes that in recent years, there has been "a loosening of bargaining patterns, an increased tendency of collective agreements to be tailored to a particular company or particular operation's economic situation...." Begin and Beal (1989, p. 374 ) note several reasons for deviation from a strict wage pattern, including "competitors have lower non-wage costs."
In this paper, we will consider two kinds of pattern bargaining-pattern in wages and pattern in labor costs. 4 Both involve sequential negotiations. With the former, the union holds all …rms to the terms of the wage agreement with the target …rm. With the latter, the union adjusts the wage paid by each …rm in order to equalize the labor costs across …rms-the target determines costs for all …rms.
Our analysis will provide plausible explanations for the following observed phenomena.
1. Pattern bargaining has been frequently used by unions to negotiate contracts in many industries.
2. In the 1950s, 1960s, and 1970s, a pattern in wages was common in union labor negotiations within many industries. 5 In later time periods, there was a movement away from a pattern in wages and toward, in many cases, a pattern in labor costs. The movement away from a pattern in wages occurred at di¤erent times for di¤erent industries. In meatpacking, it was in the mid 1970s, 6 for steel and automobiles it was in the late ticated and subtle type of pattern bargaining has emerged in steel from union attempts to equalize the employee cost burden across companies. That is, because bene…t costs have become a major percentage of total compensation, and companies di¤er strikingly in the age composition of their work forces (and hence, in the cost of providing pensions and health insurance) the union discovered that equalizing wage rates and bene…t provisions no longer allowed it to equalize labor costs and thereby remove labor from competition.
The Steelworkers have not dropped the elimination of competition based on labor costs as a goal. Instead, they are now using pattern bargaining of a more subtle form to achieve this end." 4 In some studies, pattern bargaining has been exclusively characterized (partially) by equality of wages and bene…ts across …rms within an industry (see, e.g., Ready (1990) and Cappelli (1990) ) rather than allowing for a broader notion of pattern bargaining. 5 Pattern bargaining in wages was commonplace in industries such as automobile assembly, steel, meatpacking, and aerospace, to name a few. 6 See Craypo (1994, p. 70).
1970s and early 1980s, 7 while for aerospace it was in the late 1980s. 8 3. Whenever pattern bargaining in wages was commonplace, the target has never been a relatively ine¢cient …rm in the industry. 9 In our model, two …rms with constant returns to scale production technologies compete in the product market as Cournot duopolists. We allow for the possibility that the two …rms di¤er in terms of their productive e¢ciency. 10 We also allow for the possibility that their products are not perfect substitutes. There is a single industrywide labor union. The wage rates paid by the two …rms are determined in bargaining between the union and the …rms.
To characterize the outcome of the negotiations, the Nash bargaining solution is employed.
Our analytic framework is similar to that of Horn and Wolinsky (1988) and Dobson (1994) . 11 These authors provide comparisons of simultaneous to sequential bargaining, but neither examines bargaining when the union negotiates sequentially and commits to uniformity (either in wages or costs) in the contracts across …rms. See Arthur and Konzelmann-Smith (1994, p. 159) and Katz and McDu¢e (1994, pp. 201-202) . Also, see Budd (1992) for an empirical analysis of pattern bargaining in the automobile assembly industry. 8 "The [1989] settlements at the other companies, which were not in as good …nancial shape as Boeing due to the decline in military expenditures, deviated from the exact terms and the overall value of the Boeing settlement." (Erickson (1994, p. 121) ) Aerospace production for the military, which involves low volume runs with large amounts of pre-production research and development, is particularly ill suited to the commercial aircraft world. In other words, with the military decline in the late 1980s, Boeing held an advantage over other aerospace …rms in terms of its productive e¢ciency. 9 For example, in the auto assembly industry American Motors was never the target. 10 The model can be reinterpreted as one where the two …rms are endowed with the same production technology, but they have access to di¤erent workforces, and one workforce is relatively more costly than the other (e.g., it is an older workforce with higher health care and pension costs). This alternative interpretation of the model is discussed further in Section 5.1.
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See Davidson (1988) for a noncooperative analysis of union bargaining in an oligopolistic setting. 12 Note that Dobson (1994) uses the term pattern bargaining as a synonym for sequential negotiations. As
We consider four distinct bargaining environments. In the simultaneous bargaining environment, the union negotiates with both …rms at the same time. In the sequential bargaining environment, the union negotiates with one of the …rms …rst and then negotiates with the second …rm. In the third environment, which we call pattern bargaining in wages, bargaining is also sequential, but the wage rate negotiated at the …rst …rm becomes a take-it-or-leave-it o¤er to the second …rm. In the fourth bargaining environment, which we call pattern bargaining in costs, the outcome of the …rst negotiation also establishes a pattern, but now the second …rm confronts a take-it-or-leave-it wage rate which equalizes the marginal cost of production between the two …rms. 13 Our analysis provides explanations for all of the observed phenomena we enumerate above. Of the numerous results produced from our analysis, three constitute our central …ndings. 2. For a given substitutability of the products within an industry, if the di¤erential in productive e¢ciency between the two …rms is small, then the union's payo¤ from negotiating a pattern in wages exceeds its payo¤ from negotiating a pattern in costs; if the di¤erential in productive e¢ciency between the two …rms is su¢ciently large, then the union's payo¤ from negotiating a pattern in costs exceeds its payo¤ from negotiating a pattern in wages. (See observed phenomenon #2.)
we note above, the fact that the union negotiates with …rms sequentially is only part of our de…nition of pattern bargaining. 13 Our analysis considers only full information environments and hence abstracts from strikes. For a survey of wage bargaining models with incomplete information see Kennan and Wilson (1993) . Kuhn and Gu (1996) use a model with incomplete information to study strikes in sequential wage bargaining by unions and …rms in an industry. 3 . Under pattern bargaining in wages, the target …rm chosen by the union is the relatively more e¢cient …rm. (See observed phenomenon #3.)
To understand these results, we begin by supposing that the …rms are equally productive.
With pattern bargaining in wages (same as costs with equal productivity), a dollar increase in the wage at the target …rm results in a dollar increase in the wage at the other …rm. In no other bargaining game that we consider does a change in the wage rate paid by one …rm have such a strong external e¤ect on the wage rate paid by the other …rm. Intuitively, higher wages at both …rms are good for the union. Furthermore, it is important to realize that there are two interconnected parts of each game-the …rms are competing in the product market, and the union is negotiating with each …rm. Firms are more willing to agree to pay high wages when the other …rm will also pay high wages. With pattern bargaining, the wage rates paid by the two …rms are identical, by de…nition. Now suppose the …rms di¤er in their productive e¢ciency. With pattern bargaining in wages, when the more e¢cient …rm agrees to pay an extra dollar of wage to the union this results in a more than one dollar increase in the marginal cost of production for the less e¢cient …rm. Therefore, as the e¢ciency di¤erential widens, the more e¢cient …rm becomes increasingly willing to pay higher wages since doing so increasingly disadvantages its rival in the product market competition. However, the union's payo¤ decreases as the industry moves away from oligopoly and toward monopoly. 14 With pattern bargaining in wages, the union must weigh the trade-o¤ between obtaining a uniform higher wage at both …rms through negotiation with the more e¢cient …rm versus enhancing the asymmetry of the two …rms in the industry by not o¤ering a wage concession to the less e¢cient …rm. When the …rms are close in terms of productive e¢ciency, the …rst 14 A major motivation o¤ered by unions and employers alike for the use of pattern bargaining is that it equalizes labor costs between …rms and, therefore, eliminates competition over the cost of labor (see, e.g., Begin and Beal (1989, p. 374) ). Crane (1990, p. 106) notes that "...the UAW established pattern bargaining to provide uniform wages and bene…ts throughout the industry....Pattern bargaining was designed to bring stability and standardization of settlements to bargaining." e¤ect dominates, whereas if they are very di¤erent, the second e¤ect dominates. When the second e¤ect dominates, the union prefers a pattern in costs. 15 Our results raise a conundrum. Within the context of our static duopoly model, the union prefers pattern bargaining, but each of the two …rms always prefers an alternative bargaining environment. How can pattern bargaining be so prevalent if it is opposed by the …rms in an industry? We demonstrate that the higher wage rates that emerge from a pattern negotiation, as compared to those from a sequential negotiation, can be a signi…cant entry deterrent. Speci…cally, we show that the union and both incumbent …rms each prefer pattern bargaining when it deters entry to sequential bargaining in a triopoly. This provides an answer to an important question originally raised by Williamson (1968, p. 86 ).
"It is nevertheless relevant to inquire in what circumstances (if any) agreement between one group of employers and a union to impose uniform wage rates throughout an industry could be used to establish a barrier to entry ..."
The paper proceeds as follows. In Section 2, we pose the model. In Section 3, we describe the bargaining environments. Section 4 contains our results for the duopoly case. Extensions and robustness of our …ndings are discussed in Section 5. In Section 6, we investigate the entry deterring e¤ects of pattern bargaining. Concluding remarks and topics for further research are discussed in Section 7.
The Model
We consider an industry where two …rms, 1 and 2, produce related products. Each …rm is endowed with a constant returns to scale technology that uses a single homogeneous input, labor. Firm 1 uses labor inputs l 1 to produce output x 1 = l 1 of good 1. Firm 2 uses labor 15 In practice, information asymmetries may make a pattern in labor costs very di¢cult to implement. If a pattern in costs is not a feasible option for the union, then if one …rm is much more e¢cient than the other, the union would prefer sequential negotiations to a pattern in wages.
inputs l 2 to produce output x 2 = tl 2 of good 2, where t 2 (0; 1] is a parameter that measures the relative ine¢ciency of …rm 2's technology. The smaller t, the more ine¢cient …rm 2 is compared to …rm 1.
The demand for product i is
i 6 = j = 1; 2, where a > 0 and c 2 (0; 1] is a parameter that measures the degree of substitutability between the products. If c = 1, the two products are perfect substitutes.
We assume that …rms 1 and 2 compete in the product market by setting quantities. 16 All workers are assumed to be organized into an industrywide union. The wage rate paid by each …rm is determined by bargaining between the union and the …rms. Given the wage rates w 1 and w 2 paid by the two …rms, respectively, the …rms interact in the product market by simultaneously choosing the quantities they will produce, and hence the amounts of labor inputs they will hire. Note that given the wage rates w 1 and w 2 , the marginal costs of production for the two …rms are equal to w 1 and w 2 =t, respectively.
Given w 1 and w 2 and given the demand and cost functions assumed above, the CournotNash equilibrium outputs are equal to
and 16 The parameter c measures a relatively time-invariant characteristic of an industry while t may change within an industry through time. In terms of actual industries, it is reasonable to characterize steel as having a higher c than automobile assembly. With regard to intra-industry changes in t, it is reasonable to argue that steel had a much wider dispersion in terms of inter…rm production technology in the late 1970s and early 1980s than it did in the late 1950s and the 1960s (see Arthur and Konzelmann-Smith (1994, p. 164) ).
and the equilibrium pro…ts of the two …rms are
and
respectively.
Note that if …rm 1 were to operate in the product market as a monopoly, given the wage rate it has to pay, its output and pro…t levels would be equal to
respectively. Similarly, if …rm 2 were to operate as a monopoly, its output and pro…t levels as functions of w 2 would be given by
We assume that the objective of the union is to maximize the wage bill
that the wage rates w 1 and w 2 are negotiated between the union and the …rms; that employment is decided by the …rms after w 1 and w 2 are determined and is not subject to bargaining;
and that the equilibrium in the product market is common knowledge.
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Negotiations between the union and each of the two …rms may be conducted either simultaneously (i.e., both …rms independently bargain with the union over their own wage rate at the same time), or sequentially (i.e., the union negotiates …rst with one …rm and then with the other …rm). Furthermore, when negotiating with the two …rms in sequence, the union may commit to bargain with the …rst …rm over a common wage for the entire industry.
Alternatively, the outcome of the …rst negotiation may be understood to set the basis for the determination of the wage rate paid by the other …rm, so as to equalize the marginal costs of production of the two …rms.
These four bargaining environments represent the four basic institutions we focus on here. Each environment de…nes a game (two if we consider that when the negotiations are sequential, the order in which the contracts are negotiated must also be speci…ed). Before we turn our attention to the description and the solution of each of these games, a few general remarks are in order.
For simplicity, we model the negotiation between the union and a …rm over a wage rate as a Nash bargaining problem, and we characterize its equilibrium using Nash's solution.
When the union and a …rm bargain, they take into account that the wage rate paid by the other …rm is determined in bargaining between that …rm and the union and that the two bargaining problems are interdependent. In particular, if we let w ¤ j denote the equilibrium 17 The assumption that all workers are represented by an industrywide union whose objective is to maximize the wage bill is fairly common in the literature. Since the wage rates paid by the two …rms may be di¤erent, it is implicitly assumed that the union provides insurance to its members by equalizing their earnings.
wage rate paid by …rm j, the bargaining problem between the union and …rm i over the wage
g is the set of feasible payo¤ vectors that may be agreed upon, and
the disagreement point. The Nash solution to this problem is given by
Following Binmore, Rubinstein and Wolinsky (1986), we interpret the static Nash bargaining game as the reduced form of a suitably speci…ed dynamic bargaining game of the type that is studied by Rubinstein (1982) . This implies that the disagreement point should correspond to the streams of payo¤s that accrue to the negotiating parties when they are in a state of disagreement. Hence, we assume that when a …rm and the union cannot agree, the …rm earns zero pro…ts, and the payo¤ to the union is equal to the wage bill that attains when the other …rm operates in the product market as a monopoly.
Bargaining Environments
In this section, we describe four bargaining environments, and we characterize the equilibria they induce.
Environment A: Simultaneous Bargaining.
This environment corresponds to the case in which the union bargains with the two …rms simultaneously. The equilibrium wage rates are the solutions to the following problem:
As we note above, we assume here that in the event that …rm i and the union cannot agree, …rm i earns zero pro…ts, and the payo¤ to the union is equal to the wage bill that results when …rm j operates in the product market as a monopoly, given its anticipated equilibrium wage rate w A¤ j , i 6 = j = 1; 2.
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Environment B: Sequential Bargaining.
This environment corresponds to the case in which the union bargains with one …rm …rst, and only after an agreement is reached in the …rst negotiation, it bargains with the other …rm. Since the order in which the contracts are negotiated is important, we specify two games depending on the identity of the …rm that engages in the …rst negotiation with the union.
Since the negotiation between the union and …rm 2 follows the one with …rm 1, for any given outcome of the …rst negotiation, w 1 , the outcome of the second negotiation is given by
whereas in the event that …rm 1 and the union cannot agree, the solution of the bargaining problem between the union and …rm 2 is equal to
Plugging these results into the bargaining problem faced by the union and …rm 1, we obtain that the equilibrium wage rates are the solutions to the following problem:
Note that even if one of the …rms were to fail to agree with the union (an event that is never observed in equilibrium), the e¢ciency of the Nash solution implies that the wage agreement between the other …rm and the union would not be renegotiated. In this case, since the negotiation between the union and …rm 2 precedes the one with …rm 1, for any given outcome of the …rst negotiation, w 2 , the outcome of the second negotiation is given by
whereas in the event that …rm 2 and the union cannot agree, the solution of the bargaining problem between the union and …rm 1 is equal to
Plugging these results into the bargaining problem faced by the union and …rm 2, we obtain that the equilibrium wage rates are the solutions to the following problem:
Environment C: Pattern Bargaining in Wages.
This environment corresponds to the case in which the union selects a target …rm to negotiate a common wage for the entire industry, and all parties understand that the union's commitment is binding. 19 As before, we distinguish between two cases that are indexed by the identity of the target …rm. 19 It is implicitly assumed that once the negotiation with the target …rm is concluded, the union will face the other …rm with a take-it-or-leave-it o¤er identical to the wage agreement reached with the target …rm. Alternatively, we could assume that before the negotiation with the target …rm begins, the other …rm commits to accept the wage agreement resulting from that negotiation. In Section 6, we show that …rms may be willing to commit to pattern bargaining where it deters entry.
In this environment, the equilibrium wage rates are the solutions to the following problem:
C 2 : Firm 2 is the target.
Environment D: Pattern Bargaining in Costs.
The last environment we consider here is similar to the previous one. In this case, however, the union and the target …rm bargain to set a uniform marginal cost of production for the two …rms in the industry. In particular, all parties understand that the wage agreement between the union and the target …rm will be used to determine the wage rate paid by the other …rm, so as to equalize the production costs of the two …rms.
When …rm 1 is the target, the equilibrium wage rates are the solutions to the following problem:
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Note that if t = 1, environments C and D coincide.
When …rm 2 is the target, the equilibrium wage rates are the solutions to the following problem:
For each game g = A; B 1 ; B 2 ; C 1 ; C 2 ; D 1 ; D 2 , given the equilibrium wage rates w 2 ) denote the equilibrium payo¤s to the union, …rm 1, and …rm 2, respectively. The equilibrium wage rates and payo¤s for all the games are reported in the Appendix. Note that the equilibrium payo¤s depend on the parameters of the model a, c, and t.
Results
We begin this section by comparing the equilibrium outcomes of the di¤erent games with respect to the payo¤s they yield to the parties for the case in which …rm 1 and …rm 2 are endowed with the same production technology, i.e., t = 1. In Section 4.2, we consider the case in which the two …rms are heterogeneous with respect to their production e¢ciency and establish the main results of the paper. 21 
Homogeneous Firms (t = 1)
As noted in Section 3, when the two …rms have access to the same production technology, pattern bargaining in costs reduces to pattern bargaining in wages. Also, the identity of the target …rm becomes irrelevant, and the outcomes of the two sequential bargaining games where either …rm negotiates …rst are symmetric with respect to the order in which the contracts are negotiated. These considerations imply that when the two …rms are homogeneous 21 The proofs of all the results presented in this section simply involve straightforward calculations and can be found in the Appendix.
with respect to their production e¢ciency, there are only three games that need to be considered: simultaneous, sequential, and pattern bargaining. When we compare the outcomes of these games with respect to the equilibrium payo¤s to the parties, we obtain the following.
Proposition 1 (i) For any a and c, the equilibrium wage bill is higher under pattern bargaining than under sequential bargaining, and the equilibrium wage bill under sequential bargaining is higher than under simultaneous bargaining. (ii) For any a and c, the pro…ts of either …rm are the same under simultaneous bargaining as under sequential bargaining when the …rm negotiates last; this level of pro…ts is larger than the one that attains under sequential bargaining when the …rm negotiates …rst, and this level of pro…ts is, in turn, larger than either …rm's pro…ts under pattern bargaining.
When …rms are homogeneous with respect to their production e¢ciency, sequential bargaining dominates simultaneous bargaining from the point of view of the union. This result con…rms previous …ndings by Dobson (1994) and Horn and Wolinsky (1988) . Our analysis, however, indicates that in this case, pattern bargaining is the most preferred alternative by the union.
The intuition for these results is as follows. An increase in a …rm's wage rate is detrimental for the …rm, while an increase in the wage rate paid by its competitor is bene…cial. The bargaining environments we consider here di¤er with respect to the way the outcome of one negotiation a¤ects the equilibrium outcome of the other negotiation. In particular, if a …rm agrees to pay a higher wage rate to the union, then this has a positive e¤ect on its competitor's equilibrium wage rate-this e¤ect is higher under pattern bargaining than under sequential bargaining when the …rm negotiates …rst. This external e¤ect is instead zero either under simultaneous bargaining or under sequential bargaining when the …rm negotiates last. 22 The …rms want to avoid taking any action which harms them in the product market relative to 22 In the Appendix, we show that for t = 1, w 
Heterogeneous Firms (t < 1)
We begin the presentation of the general case in which …rms are heterogeneous with respect to their production e¢ciency by noting that under pattern bargaining in costs, the game where …rm 1 is the target has the same equilibrium outcome as the game where …rm 2 is the target.
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In the remainder of the paper, we refer to pattern bargaining in costs without specifying the identity of the target.
We restrict attention to equilibria in which, in any bargaining environment, both …rms produce positive levels of output. For a given substitutability of the products within the industry, this restriction implies a lower bound on the parameter that measures the heterogeneity in production e¢ciency between the two …rms. We let -= f(c; t) : 0 < c · 1; c=2 < t < 1g denote the set of admissible parameter values for c and t.
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The following lemma establishes a useful characterization that applies to all pairwise comparisons of individual equilibrium payo¤s between the games described in Section 3. This follows immediately from the fact that when w 1 = w 2 =t, problems (21) and (22) coincide.
For a given c, if t · c=2, under pattern bargaining in wages, the relatively less e¢cient …rm does not operate in equilibrium. The intuition for this result comes from the fact that when one …rm is much more e¢cient than the other …rm, the restriction that the two …rms pay the same wage rate in equilibrium drives the ine¢cient …rm out of the market. The following proposition exploits Lemma 1 to characterize the way each market participant ranks the bargaining games we consider here.
Proposition 2
The results of equilibrium payo¤ comparisons for the union, …rm 1, and …rm 2, respectively, for each pair of games are summarized in the following tables:
where each cell in a table displays the binary relation between the row payo¤ and the column payo¤, and two entries in the same cell indicate that such relation is di¤erent in di¤erent regions of the parameter space -. In such cases, the top entry refers to the binary relation that holds for all (c; t) combinations that lie above ¿ By combining Proposition 2 and Lemma 1, we obtain the following:
Corollary 1 (i) For any a, and for any (c; t) 2 -, the wage bill is highest either under pattern bargaining in costs or under pattern bargaining in wages when …rm 1 is the target.
(ii) For any a, given a c 2 (0; 1], there exists a critical level of t, ¿
(c) < t < 1, pattern bargaining in wages with …rm 1 as the target is best for the union, whereas for c=2 < t < ¿ We …rst o¤er some intuition for these results before linking them to the observed phenomena associated with collective bargaining.
Each …rm takes into account the externality generated by the outcome of its union negotiation on the other …rm's equilibrium wage rate, which a¤ects its willingness to agree to pay a higher wage rate to the union. Like in the case in which the two …rms are homogeneous with respect to their production e¢ciency, this externality is strongest under pattern bargaining in wages. 25 After wages are determined, the …rms compete in the product market as Cournot duopolists. Of course, each …rm prefers lower wages to higher ones. But, each …rm also wants a cost advantage on its rival when determining quantities to produce vis-a-vis Cournot competition. In this light, consider pattern bargaining in wages where the more e¢cient …rm is the target. The greater the e¢ciency di¤erential between the two …rms the more willing is the more e¢cient …rm to pay a higher wage to the union. After all, the higher wage will also be paid by the less e¢cient …rm implying that its marginal cost of production will exceed that of the more e¢cient …rm by a factor of 1=t. With pattern bargaining in costs the more e¢cient …rm is unable to gain any relative advantage on its rival through increases in the wage rate and hence is less willing to give up an extra dollar of wages. Although the union is able to get the largest wage increases with pattern bargaining in wages, the union does not necessarily prefer a uniform high wage rate in the industry. Maintaining a balanced duopoly is an important goal for the union-the union's payo¤ decreases as the industry moves away from a balanced duopoly and toward a monopoly.
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As the heterogeneity in the production e¢ciency of the two …rms increases, it may be in the union's best interest to equalize the production costs of the two …rms rather than achieve a higher uniform wage rate in the industry. Note that if equalization of production costs is not possible, for whatever reason, then the union would prefer sequential negotiation to a pattern in wages for a su¢ciently large inter…rm e¢ciency di¤erential. 27 The results in this section provide an understanding for many of the observed phenomena 25 For (c; t) 2 -, note for example that @w
Note that the unconstrained maximization of the wage bill on the part of the union entails a balanced duopoly with wage rates equal to w 1 = a=2 and w 2 = at=2. The model presented in Section 2 assumes that the two …rms are heterogeneous with respect to their production e¢ciency but have access to a homogeneous labor force. Alternatively, we could have posed the model by assuming that the two …rms are endowed with the same production technology but have heterogeneous workforces. In this alternative formulation, x i = l i for i = 1; 2, the compensation rate paid by …rm 1 is w 1 , the compensation rate paid by …rm 2 is w 2 =t, and the payo¤ to the union is ¼ u (w 1 ; w 2 ) = w 1 l 1 (w 1 ; w 2 ) + Concessionary bargaining is characterized by individual …rms attempting to negotiate better terms with a union than its competitors were able to negotiate. Concessionary bargaining corresponds to our sequential bargaining environment.
Under the maintained assumption that the union has control over the way the negotiations with the …rms are to be conducted, our model predicts that sequential bargaining could only 28 In 1991, bene…ts were 34 percent of total compensation for unionized workers in the private sector.
Approximately one-third of these costs were for medical bene…ts and one-sixth were for pensions. be observed if pattern bargaining in costs were not a viable option. In fact, Proposition 2 implies that for a given substitutability of the products within an industry, if the …rms are su¢ciently heterogeneous with respect to their production e¢ciency, then the union would prefer to negotiate with the …rms sequentially with no commitment than to negotiate a pattern in wages with either …rm as the target. In such circumstances, however, the union's most preferred option would be to negotiate a pattern in costs.
In reality, unlike a pattern in wages, a pattern in costs can be very di¢cult to implement on a practical level. There may be many things that are unknown to the union that are relevant to the equalization of labor costs among …rms-information that is irrelevant for equalizing wages across …rms. This may be especially true in times of rapid and dramatic changes like the ones that occurred in the early 1980s in the automobile assembly industry.
Our model assumes that the …rms and the union have access to the same information, and it is, therefore, incapable of addressing these issues. These considerations, however, suggest that pattern bargaining in costs may not always be a feasible option, in which case, sequential bargaining may actually be the union's most preferred alternative.
Additional Bargaining Environments
Since the bargaining environments we consider in our analysis do not exhaust the set of institutions that may govern the negotiations between a union and the …rms in a duopoly, we consider others as well. For example, when the union bargains with the …rms in sequence, the outcome of the …rst negotiation may be used as either a wage or a cost ‡oor (or as a ceiling) in the subsequent negotiation. Alternatively, the union may commit never to
give the …rm negotiating …rst a deal worse than the one obtained by the other …rm in the subsequent negotiation. To understand why these alternative institutions are not observed in the real world we characterize the equilibrium outcomes they induce and compare them to the outcomes of the four basic environments described in Section 3. What we …nd is that each of these alternative bargaining environments is either equivalent to one of our four basic environments, or it is strictly dominated by at least one of the basic environments from the point of view of the union.
6 Pattern Bargaining as an Entry Deterrent
Up to this point we have assumed that the union unilaterally chooses the bargaining environment. But our results raise a conundrum with respect to this assumption. When the union most prefers pattern bargaining it is the case that the …rms do not. In this section we consider the entry deterrent e¤ects of pattern bargaining relative to sequential bargaining.
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With a pattern in wages, a new entrant would pay the industry wage rate to all employees.
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With sequential negotiations, a new entrant would pay a reduced wage rate relative to its rivals if it can negotiate last in the sequence. We show below that there exist costs of entry such that a potential entrant will …nd it unpro…table to come into the industry under a pattern in wages, but will …nd it pro…table under sequential negotiations. Also, there exists a common wage rate for the industry such that both incumbent …rms as well as the union are better o¤ under pattern bargaining in a duopoly than under sequential bargaining in a
triopoly. This provides a potential explanation for why all incumbent …rms in an industry, as well as the union, may be willing to embrace a pattern in wages.
To illustrate these points we restrict attention to the case where all …rms in the industry are equally e¢cient (i.e., x i = l i ; 8i) and the products are perfect substitutes (i.e., c = 1
for all pairs of …rms in the industry). First, consider a sequential negotiation for a triopoly.
With regard to disagreement points, as a natural extension of our analysis for a duopoly, we assume that in the event of a disagreement between …rm i and the union, …rm i earns zero pro…ts and the payo¤ to the union is equal to the wage bill that results when the other two 29 The analysis of these alternative bargaining environments is available from the authors upon request.
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The entry deterrent e¤ects of union wage policies were …rst discussed by Williamson (1968) and then later by Neumann (1988) .
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Just as with incumbent …rms, we assume that an entrant would have to employ unionized workers.
…rms operate in the product market as duopolists. Now consider a pattern negotiation for a triopoly. In the event of disagreement with the target …rm it is assumed that the target …rm is out of the market, the pattern has failed, and that sequential negotiations are conducted with the remaining two …rms. The details of the model and calculations are contained in the Appendix.
Results are contained in the table below for a = 1.
32
The payo¤s in the last row refer to a duopoly pattern negotiation conducted under the threat of entry. This means that in the event of a disagreement with the target …rm, the union would then negotiate with the other incumbent …rm and the entrant. The value of a simply scales all payo¤s in the same way and hence does not impact any of the qualitative comparisons below.
33
In fact, the potential entrant would …nd it pro…table to come into the industry following the breakdown of a pattern negotiation. 34 Also, note that if the potential entrant were to come into the industry at the wage rate that results from a duopoly pattern negotiation conducted under the threat of entry, its payo¤ woul be even lower. In fact, the entrant's payo¤ would be equal to 0:02025.
Second, the last row of the table shows that both incumbent …rms in a duopoly as well as the union prefer pattern bargaining where it deters entry to sequential bargaining where a third …rm has entered the industry.
35
To reiterate, this implies that incumbent …rms may actively support the use of pattern bargaining in their industry as a payo¤-enhancing entry deterrent.
Concluding Remarks
Our main …nding is that pattern bargaining produces a higher payo¤ for a union than anything else we consider here, including sequential and simultaneous bargaining. Second, in our model, we always assume that in the event that the union and a …rm disagree, the …rm is unable to produce and hence earns zero pro…ts. However, 77 percent of …rms in a recent survey indicate that if struck, they would consider the use of replacement workers.
36
The willingness or ability to use replacement workers seems to have changed over time, perhaps as a result of the general decline of unionization in the country (from 34 percent of the workforce in 1954 to 11 percent in recent years).
35
The payo¤ to either …rm in a duopoly pattern negotiation exceeds the maximum payo¤ to any …rm in a triopoly sequential negotiation. In other words, this result is not sensitive to when in the sequence the potential entrant negotiatiates.
36
See Bureau of National A¤airs (1992).
Appendix
We begin this section by deriving the equilibrium wage rates for each game we describe in Section 3. In Section A.2, we then compare the equilibrium payo¤s across games. In Section
A.3, we analyze the case of a triopoly discussed in Section 6.
A.1 Derivation of the Equilibrium Wage Rates
Environment A: Simultaneous Bargaining
From the …rst order conditions for problem (12), we obtain the following system of equations: 8 > < > :
Solving for the equilibrium wage rates yields 8 > < > :
Note that for any a, c, and t,
Hence, in equilibrium, the marginal costs of production of the two …rms are equal, which implies that they produce the same quantity. Plugging the equilibrium wage rates into (2) and (3), we obtain an expression for the equilibrium output level as a function of the parameters of the model as
This level of output is positive for any a, c, and t.
Environment B: Sequential Bargaining
For any given outcome of the …rst negotiation, w 1 , solving the bargaining problem between …rm 2 and the union (equation (13)) yields
Plugging this result into (15) and solving for the equilibrium wage rates yields 8 > < > :
:
Note that
for any a, c, and t. Hence, in equilibrium, …rm 1's marginal cost of production is higher than …rm 2's cost. The equilibrium output levels are equal to 8 > < > :
These output levels are positive for any a, c, and t.
B 2 : Firm 2 negotiates …rst
For any given outcome of the …rst negotiation, w 2 , solving the bargaining problem between …rm 1 and the union (equation (16)
Plugging this result into (18) and solving for the equilibrium wage rates yields 8 > < > :
for any a, c, and t. Hence, in equilibrium, …rm 2's marginal cost of production is higher than …rm 1's cost. The equilibrium output levels are equal to 8 > < > :
Environment C: Pattern Bargaining in Wages
In this bargaining environment, we have to distinguish between two cases depending on the values of the parameters of the model. In particular, for any a and for a given degree of substitutability of the products, if …rm 1's technology is su¢ciently more e¢cient than …rm 2's technology, then the restriction that the two …rms pay the same equilibrium wage rate drives …rm 2 out of the market. This situation arises when t · c=2. Since we focus on duopolistic markets where both …rms operate in equilibrium, we restrict the parameter t to be in the interval (c=2; 1].
Solving (19) we obtain that for any a and c, and for any t 2 (c=2; 1], the equilibrium wage rates are equal to
Note that, by construction, the equilibrium marginal cost of production is higher for …rm 1 than for …rm 2. Given the equilibrium wage rates, using (2) and (3) we obtain that the equilibrium output levels of the two …rms are equal to
respectively. These output levels are positive for any a and c and for any t 2 (c=2; 1].
Solving (20) we obtain that for any a and c, and for any t 2 (c=2; 1], the equilibrium wage rates are equal to
Environment D: Pattern Bargaining in costs
When we restrict the wage rates paid by the two …rms so that w 1 = w 2 =t, the two …rms become symmetric-that is, they always produce the same quantity-and problems (21) and (22) coincide. Hence, in this bargaining environment, the equilibrium outcome is independent of the identity of the target …rm. Solving the bargaining problem between the union and the target …rm, we obtain that the equilibrium wage rates are equal to 8 > < > :
The equilibrium output levels of the two …rms are the same and are equal to
The equilibrium wage rates of the six games we consider here are summarized in Table   1 . For each game, plugging the equilibrium wage rates into (4), (5), and (10), we obtain the equilibrium payo¤s for …rm 1, …rm 2, and the union, respectively. The equilibrium payo¤s for all the games are reported in Table 2 
A.2 Payo¤ Comparisons
This section contains the proofs of all the results presented in the paper. It is divided into three parts that correspond to the case in which the two …rms are endowed with the same production technology (i.e., t = 1), the case in which the two …rms are heterogeneous with respect to their production e¢ciency (i.e., t < 1), and the case of two unrelated monopolies (i.e., c = 0), respectively.
Before we analyze each of the three cases in detail, we establish the following general result.
Lemma A1 For any a, c, and t, the following equivalences hold:
Proof of Lemma A1. Equivalences (i)-(iv) follow directly from the results we report in Table 2 . ¥
A.2.1 Homogeneous Firms
Proof of Proposition 1. (i) Using the equilibrium payo¤s to the union as displayed in Table 2 , note that when t = 1, the following inequalities hold for any a > 0 and for any c 2 (0; 1]:
Since when t = 1 the bargaining environments C and D coincide, this part of the theorem is established by combining these inequalities with Lemma A1.
(ii) Using the equilibrium payo¤s to …rm 1 as displayed in Table 2 , note that when t = 1, the following inequalities hold for any a > 0 and for any c 2 (0; 1]:
Since when t = 1 the bargaining environments C and D coincide, this part of the theorem is established by combining these inequalities with Lemma A1. ¥
A.2.2 Heterogeneous Firms
Proof of Lemma 1. For any game g = A; B 1 ; B 2 ; C 1 ; C 2 ; D and for any player j = u; 1; 2, the results we report in Table 2 imply that ¼ do not depend on t, Proposition 1 and Lemma A1 imply that for any a > 0 and for any (c; t) 2 -, the following relations hold:
The characterization of the remaining payo¤ comparisons for the union, …rm 1, and …rm 2, respectively, is substantially more involved, and it entails algebraic manipulations of the expressions reported in Table 2 Consider an industry where there are two incumbent …rms, 1 and 2, and a potential entrant, …rm 3. We assume that all …rms are endowed with the same production technology
and the inverse demand for product i is p i (x i ; x j ; x k ) = 1 ¡ x i ¡ x j ¡ x k ; i 6 = j 6 = k = 1; 2; 3.
If all three …rms operate in the industry, given their respective wage rates w 1 , w 2 , and w 3 , the Cournot-Nash equilibrium outputs are equal to x i (w i ; w j ; w k ) = l i (w i ; w j ; w k ) = 1 + w j + w k ¡ 3w i 4 and the …rm's equilibrium pro…ts are ¼ i (w i ; w j ; w k ) = [x i (w i ; w j ; w k )] 2 i 6 = j 6 = k = 1; 2; 3.
First, consider the case where negotiations between the union and each of the three …rms over their wage rates are conducted sequentially. Assume that the union …rst negotiates with …rm 1, then with …rm 2, and …nally with …rm 3.
Since the negotiation between the union and …rm 3 follows the ones with …rms 1 and 2, for any given outcome of the …rst two negotiations, w 1 and w 2 , the outcome of the third negotiation is given by w Seq 3 (w 1 ; w 2 ) = arg max Consider now the negotiation between the union and …rm 2 given the outcome of the …rst negotiation, w 1 . In the event of disagreement, the union would then negotiate with …rm 3
as the second …rm in a duopoly. As illustrated in Section A.1, this negotiation would yield the following agreement: ¼ 1 (w P attern ; w P attern ; w P attern ) = 0:02225 ¼ 2 (w P attern ; w P attern ; w P attern ) = 0:02225 ¼ 3 (w P attern ; w P attern ; w P attern ) = 0:02225 
